1. Introduction {#sec1-sports-06-00138}
===============

The benefits of exercise in the general population are widely acknowledged for having positive effects on overall health. This is especially true in the overweight and obese population as it has been well documented that exercise plays a key role in weight management and combating the associated metabolic disorders. However, there is limited data to support the effects of exercise on the overweight and obese pregnant population despite the fact that maternal obesity has important health implications for both mother and baby. The Centers for Disease Control (CDC) reports that maternal obesity is associated with chronic disease, cesarean section as mode of delivery, and elevated blood pressure during pregnancy \[[@B1-sports-06-00138]\]. Further, maternal obesity is the highest ranking modifiable risk factor for stillbirth in high-income countries contributing to approximately 8,000 stillbirths annually. Every 5-unit increase in maternal BMI increases the risk for stillbirth, neonatal death and infant death \[[@B2-sports-06-00138],[@B3-sports-06-00138]\]. Infants born to obese mothers and mothers who gain more than the recommended amount of weight during pregnancy are at a higher risk for developing cardiovascular disease, hypertension, obesity and are more likely to have lower math, reading, and spelling scores \[[@B4-sports-06-00138],[@B5-sports-06-00138],[@B6-sports-06-00138]\].

Current exercise recommendations by the American Congress of Obstetricians and Gynecologists (ACOG) state that a woman with a low-risk pregnancy can participate in moderate exercise for ≥30 min per day on most, if not all, days of the week. However, ACOG also specifically comments that, "The information available in the literature is too limited to allow risk assignment for either premature labor or fetal growth restriction in recreational or professional athlete exercising mothers \[[@B7-sports-06-00138]\]." Currently, researchers have found inconsistent results regarding fetal weight and maternal exercise leading to the inability to make specific recommendations on the topic \[[@B8-sports-06-00138]\]. The aim of our study is to add to the pool of information and establish the safety profile of exercise during pregnancy in this specific population that stands to benefit a great deal from exercise and weight reduction. To our knowledge, this is the first study which takes into account various types, intensities, and timing of exercise to correlate with four different parameters of birth outcomes in the obese and overweight population.

2. Materials and Methods {#sec2-sports-06-00138}
========================

Ethical approval for this study was obtained from The University of Alabama at Birmingham's Institutional Review Board (ID: X160401002, approval granted on 17 May 2016). All women admitted to the postpartum floor of a public tertiary care university based hospital were screened for eligibility to participate. Patients were excluded from participating if they were under 16 years of age, had given birth to a stillborn, had given birth to a baby with severe birth defects and/or had given birth at less than 32 weeks gestation. Participants were also excluded if they were not overweight or obese as defined by the CDC. The CDC defines overweight as having a BMI of 25.0 to \<30 and obese as having a BMI of 30 or greater. After screening and following informed consent, a total of 179 postpartum females were surveyed prior to hospital discharge regarding their participation in exercise during pregnancy. Each participant completed a 16-question survey specifying the type of exercise, frequency of exercise, duration of exercise, and perceived intensity of exercise during each trimester of pregnancy. Exercise type was divided into cardio (Ex: running, walking, swimming, biking, rowing, elliptical, etc.), resistance training (weight lifting, resistance bands, etc.) or yoga. Frequency of exercise was categorized as mild (1--2 days per week), moderate (2--4 days per week) or high (\>4 days per week). Intensity was measured according to patient's perceived physical exertion of mild, moderate, or intense.

Our primary outcome of interest was SGA as defined as being below the 10th percentile of birthweight for gestational age compared to a United States based birth weight cohort \[[@B9-sports-06-00138]\]. Secondary outcomes included gestational age at delivery, mode of delivery, birthweight, length & head circumference. Women who exercised in each trimester were compared to women who reported no exercise during pregnancy. Statistical analysis was completed using STATA^®^ (StataCorp LLC, College Station, TX, USA) with *p* \<0.05 considered as statistically significant. All data were noted to be normally distributed (*p* \>0.05). A two-sample t test with equal variances was conducted to compare birthweight as well as gestational age between those who exercised in the specified trimester and those who did not exercise during pregnancy. Fisher's exact test was conducted to compare mode of delivery between those who exercised in the specified trimester and those who did not exercise during pregnancy. Finally, Pearson's chi-squared test was used to compare SGA between those who exercised in the specified trimester and those who did not exercise. Pearson's chi-squared test was also used to compare SGA in relation to type of exercise, intensity of exercise and frequency of exercise per trimester. The study was powered to detect a change in SGA from 10% to 25%, with an alpha of 0.05 and beta of 0.2. It was not powered to detect a smaller difference in SGA as the clinical significance of a smaller change is not clear.

3. Results {#sec3-sports-06-00138}
==========

Participants' average age was 26.5 years old with an average BMI of 34.7. The study population was predominately African American (69.3%) followed by White, (22.4%), Hispanic (7.8%) and Asian (0.6%). Of the 179 women surveyed, 27% (47) reported no exercise, 73% (128) reported exercise in the first trimester, 74% reported exercise in the second trimester (132), and 73% (129) reported exercise in the third trimester. Participant's demographics are summarized below in [Table 1](#sports-06-00138-t001){ref-type="table"}.

3.1. Small for Gestational Age {#sec3dot1-sports-06-00138}
------------------------------

Occurrence of SGA for each trimester is summarized below in [Table 2](#sports-06-00138-t002){ref-type="table"}. There was no significant difference between the exercise and no exercise groups.

Occurrence of SGA during each trimester in relation to different exercise types as compared to no exercise during pregnancy is summarized below in [Table 3](#sports-06-00138-t003){ref-type="table"}. There was no significant difference between the exercise and no exercise groups.

Occurrence of SGA during each trimester of exercise in relation to perceived intensity compared to no exercise during pregnancy is summarized below in [Table 4](#sports-06-00138-t004){ref-type="table"}. There was no significant difference between the exercise and no exercise groups.

Occurrence of SGA during each trimester of exercise in relation to frequency of exercise compared to no exercise during pregnancy is summarized below in [Table 5](#sports-06-00138-t005){ref-type="table"}. Frequency of exercise was categorized as mild (1--2 days per week), moderate (2--4 days per week) or high (\>4 days per week). There was no significant difference between the exercise and no exercise groups.

3.2. Birthweight {#sec3dot2-sports-06-00138}
----------------

Average birthweight for each trimester is summarized below in [Table 6](#sports-06-00138-t006){ref-type="table"}. There was no significant difference between the exercise and no exercise groups.

3.3. Head Circumference {#sec3dot3-sports-06-00138}
-----------------------

Average head circumference for each trimester is summarized below in [Table 7](#sports-06-00138-t007){ref-type="table"}. There was no significant difference between the exercise and no exercise groups.

3.4. Length {#sec3dot4-sports-06-00138}
-----------

Average length for each trimester is summarized below in [Table 8](#sports-06-00138-t008){ref-type="table"}. There was no significant difference between the exercise and no exercise groups when exercise occurred during the first and second trimester. When exercise occurred during the third trimester, results were significant for a shorter average body length.

3.5. Gestational Age {#sec3dot5-sports-06-00138}
--------------------

Average gestational age for each trimester is summarized below in [Table 9](#sports-06-00138-t009){ref-type="table"}. There was no significant difference between the exercise and no exercise groups.

3.6. Mode of Delivery {#sec3dot6-sports-06-00138}
---------------------

Mode of delivery assessed as cesarean section vs. non-cesarean for each trimester is summarized below in [Table 10](#sports-06-00138-t010){ref-type="table"}. From this data, a cesarean delivery occurred more often in women who exercised regardless of which trimester exercise occurred; however, these findings were not statistically significant as evidenced by the *p*-value.

4. Discussion {#sec4-sports-06-00138}
=============

The purpose of this study was to examine the safety profile of exercise during pregnancy in the obese female. Our results confirm our hypothesis that exercise, regardless of trimester, type, or intensity, would not result in adverse birth outcomes.

Our primary outcome of interest was SGA which is defined as infants with a body weight below the 10th percentile for gestational age. When SGA is due to fetal growth restriction, it is associated with an increase in infant mortality and morbidity \[[@B10-sports-06-00138]\]. SGA and its complications have been a concern for the exercising mother as early studies suggested that women who exercise during pregnancy have smaller birthweight babies due to a decrease in infant total body fat stores \[[@B11-sports-06-00138]\]. On the contrary, a more recent meta-analysis demonstrated that structured prenatal exercise reduces the risk of having a large newborn without a change in the risk of having a small newborn \[[@B12-sports-06-00138]\]. It should be noted, however, that twenty-three of the twenty-eight trials analyzed in that study were low risk pregnancies and other studies examining specifically obese women have found that obese women who experienced gestational weight loss showed an increase in SGA and prematurity. These authors suggest that these risks outweigh the benefits of decreased pregnancy complications and advocate against gestational weight loss for obese women \[[@B13-sports-06-00138],[@B14-sports-06-00138]\].

In our study of overweight and obese women who exercised during pregnancy, there was no increase in SGA compared to overweight and obese women who did not exercise during pregnancy. These findings were consistent regardless of which trimester exercise occurred in and regardless of what intensity the exercise was performed at. Likewise, the average birthweight was higher in the group that exercised, but not to the point of large for gestational age. These results were also consistent regardless of which trimester exercise was performed in. Other measures of intrauterine growth such as head circumference and length also did not appear to be adversely impacted by exercise. Body length of babies born to mothers who participated in exercise during their third trimester was shorter than the average body length of babies born to mothers who did not exercise; however, the shorter body length was still within the normal range. Our results are contrary to earlier literature which found that women who exercise have lower birthweight babies and to the studies showing increased premature birth rates in obese pregnant women who exercise \[[@B11-sports-06-00138],[@B13-sports-06-00138]\]. Prematurity itself is a complication of maternal obesity and has been stated as a concern for obese women who participate in antenatal exercise but our results show that exercise did not increase this risk. Although our study did not show a decrease in prematurity in the exercise group relative to the non-exercise group, it does suggest that further studies examining exercise in the obese pregnant woman as a means to prevent premature births may be beneficial.

There was no statistically significant difference found in regard to type of exercise, frequency of exercise, or mode of delivery. In regard to mode of delivery, our data does approach significance to suggest a higher rate of cesarean delivery in the exercising population; however, it should be noted that all of the participants of this study were multiparous thus the higher cesarean rate may be due to repeat cesarean in patients with previous cesarean deliveries. Prior cesarean delivery was not a data point collected in our study and stands as a limitation of interpretation of this finding. Another limitation to this study that we acknowledge is the recall bias of participants about their exercise habits during pregnancy as surveys were administered to participants on the post-partum ward. Despite these limitations, our study strengthens the evidence against the concern for adverse fetal outcomes in obese women who exercise and argues for advocating exercise in the obese pregnant female.

5. Conclusions {#sec5-sports-06-00138}
==============

Obese women who reported exercising during pregnancy did not have a higher incidence of SGA infants compared to obese women who did not exercise during pregnancy. Exercise should not be discouraged in obese women due to pregnancy.
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sports-06-00138-t001_Table 1

###### 

Demographics.

  Demographics      Exercise (SD) or (n)     No Exercise (SD) or (n)   *p*-Value
  ----------------- ------------------------ ------------------------- -----------
  **Age**           26.0 years (5.9 years)   27.75 years (5.8 years)   0.0872
  **BMI**           35.7 (9.3)               33.7 (7.1)                0.1814
  **Nulliparous**   0%                       0%                        
  **Race**                                                             
   *Black*          70.7% (93/132)           66.0% (31/47)             0.191
   *White*          20.5% (27/132)           27.7% (13/47)             0.191
   *Hispanic*       9.1% (12/132)            4.3% (2/47)               0.191
   *Asian*          0% (0/132)               2.1% (1/47)               0.191
  **Infant Sex**                                                       
   *Male*           47.7% (63/132)           57.5% (27/47)             0.252
   *Female*         52.3% (69/132)           42.5% (20/47)             0.252

sports-06-00138-t002_Table 2

###### 

SGA per trimester.

  Trimester       Exercise (n)      No Exercise (n)   *p*-Value
  --------------- ----------------- ----------------- -----------
  1st Trimester   12.50% (16/128)   14.89% (7/47)     0.678
  2nd Trimester   12.12% (16/132)   14.89% (7/47)     0.626
  3rd Trimester   13.95% (18/129)   14.89% (7/47)     0.874

sports-06-00138-t003_Table 3

###### 

SGA per exercise type during each trimester.

  Trimester       No Exercise     Cardio            *p*-Value   Resistance      *p*-Value   Yoga            *p*-Value
  --------------- --------------- ----------------- ----------- --------------- ----------- --------------- -----------
  1st Trimester   14.89% (7/47)   13.11% (16/122)   0.763       9.09% (2/22)    0.505       12.50% (2/16)   0.813
  2nd Trimester   14.89% (7/47)   12.31% (16/130)   0.651       9.52% (2/21)    0.546       15.38% (2/13)   0.965
  3rd Trimester   14.89% (7/47)   14.52% (18/124)   0.950       13.33% (2/15)   0.881       18.18% (2/11)   0.786

sports-06-00138-t004_Table 4

###### 

SGA per intensity of exercise during each trimester.

  Trimester       No Exercise     Mild           Moderate         High            *p*-Value
  --------------- --------------- -------------- ---------------- --------------- -----------
  1st Trimester   14.89% (7/47)   0.00% (0/9)    11.63% (10/86)   20.00% (5/25)   0.443
  2nd Trimester   14.89% (7/47)   0.00% (0/12)   11.70% (11/94)   20.83% (5/24)   0.336
  3rd Trimester   14.89% (7/47)   5.88% (1/17)   14.47% (11/76)   18.18% (6/33)   0.708

sports-06-00138-t005_Table 5

###### 

SGA per frequency of exercise during each trimester.

  Trimester       No Exercise     1--2 Days      2--4 Days        \>4 Days         *p*-Value
  --------------- --------------- -------------- ---------------- ---------------- -----------
  1st Trimester   14.89% (7/47)   9.09% (1/11)   7.46% (5/67)     20.00% (10/50)   0.237
  2nd Trimester   14.89% (7/47)   0.00% (0/11)   11.43% (8/70)    15.69% (8/51)    0.514
  3rd Trimester   14.89% (7/47)   9.09% (2/22)   15.28% (11/72)   14.29% (5/35)    0.906

sports-06-00138-t006_Table 6

###### 

Birthweight.

  Trimester       Exercise (SD)          No exercise (SD)       *p*-Value
  --------------- ---------------------- ---------------------- -----------
  1st Trimester   3006.10 g (641.68 g)   3067.21 g (634.71 g)   0.5762
  2nd Trimester   2973.95 g (644.39 g)   3067.21 g (634.71 g)   0.3935
  3rd Trimester   2996.75 g (624.21 g)   3067.21 g (634.71 g)   0.5104

sports-06-00138-t007_Table 7

###### 

Head Circumference.

  Trimester       Exercise (SD)        No Exercise (SD)     *p*-Value
  --------------- -------------------- -------------------- -----------
  1st Trimester   33.33 cm (2.22 cm)   33.51 cm (2.08 cm)   0.6277
  2nd Trimester   33.22 cm (2.22 cm)   33.51 cm (2.08 cm)   0.4306
  3rd Trimester   33.31 cm (2.22 cm)   33.51 cm (2.08 cm)   0.5937

sports-06-00138-t008_Table 8

###### 

Length.

  Trimester       Exercise (SD)        No Exercise (SD)     *p*-Value
  --------------- -------------------- -------------------- -----------
  1st Trimester   19.64 in (3.08 in)   20.69 in (6.23 in)   0.1408
  2nd Trimester   19.57 in (3.09 in)   20.69 in (6.23 in)   0.1132
  3rd Trimester   19.44 in (1.40 in)   20.69 in (6.23 in)   0.0332

sports-06-00138-t009_Table 9

###### 

Gestational Age.

  Trimester       Exercise (SD)              No Exercise (SD)           *p*-Value
  --------------- -------------------------- -------------------------- -----------
  1st Trimester   38.03 weeks (2.43 weeks)   37.95 weeks (2.02 weeks)   0.8431
  2nd Trimester   37.98 weeks (2.51 weeks)   37.95 weeks (2.02 weeks)   0.9442
  3rd Trimester   38.14 weeks (2.49 weeks)   37.95 weeks (2.02 weeks)   0.6349

sports-06-00138-t010_Table 10

###### 

Cesarean Delivery.

  Trimester       Exercise          No Exercise      *p*-Value
  --------------- ----------------- ---------------- -----------
  1st Trimester   41.41% (53/128)   29.79% (14/47)   0.161
  2nd Trimester   41.67% (55/132)   29.79% (14/47)   0.151
  3rd Trimester   36.43% (47/129)   29.79% (14/47)   0.412
